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Subject: Hydraulic model studies of the svillway and outlet works for
Anderson Eanch Dam--Boise Project.

INTRODUCTION

Anderson Hanch Dam ia a rock and earthfill skructure, approximately
116 feet high, located about 45 miles southeast of Botge, Idaho, on the
gouth fork of the Boise River, Figure 1. The reservoir formed by the
dam will be about 15 miles long and will have a storage cavacity of
500, 00N acre-feet.

The svillway, with a maximum capacity of 20,000 second-feet, will be
controlled by two 25-foot by 22-foot radial gates mounted to seat on a
low ogee gection at the entrance. The five outlets through the dam will
be controlled by five 72-inch hollow-jet valves having a total maximum

capacity of 10,000 second-feet. These outlets will be used for the

regulation of the reservoir level and river flow downstream and, during

veriods of flood flow, will be used to supplement the spillway. The
spillway and outlet works constitute a‘combination structure in which the
spillway flow shoots over the openings for the outlét valves and plunges
into a stilling—pool a short distance downstream. The outlet valves
discharge under the scillway flow and intoc the same stilling-pool. The
poni was intended to operate satisfactorily for:

a. Any combination of valves coverating with no discharge from

the snillway.

b. Any combination of valves overating and any flow up to

maximum over the spillway.




¢. Any flow over the spillway up to maximum without the
.valves discharging.

The model studies were made for the purpose of determiming the proper
pocl to satisfy these requirements; to selact the most desirable spillway
entrance; and to check the wall heights and shape of the apillway chute.

Other model studies made by this laboratory on Anderspon Ranch Dam
are: "Model Studles for Development of a Hollow-jet Valve for Anderson
Ranch Dam," by Fred Locker, Hydraulic Laboratory Report No. 1u8,

September 12, 194l, and "Hydraulic Model Studies for the Initial Ragula-
tion of Water at Anderson Ranch Dam," by Fred locker, Hydraulic Laboratory
Report No. 153, September 26, 19k,

SUMMARY

In the course of the model studies, seven different arrangements of
stilling-pools were tested. Kach pool arrangement was tested with various
combinations of dentated sills and apron téeth with the pool walls either
sloped or vertical and with various length piers for stabilizing the pocl
when the valves were discharging.

Tests were made of five different entrances and two typez of crestisi
one crest located at elevation 4172; the other at Ul7U. In addition,
gtudies were made to determine the best location snd shape of tha spillway

chute walls.

Of the five types of entrances tested, the one shown on Figure 2 was

selected for the final design, principally becauss of structural advantages
rather than for superior bydraulic performance. In general, flow in all
five entrances was satisfactory. Some indicated slightly more head loss
than others, but the difference was not sufficient to warrant a choice on
the hydraulic performance alcne.

Tho epillway chute walls, as shown on Figure 2, were located by
adjusting the wall location and the warp from the gate section until the
most favorable crosa-sectional water surface was obtained for all gate

combinations.
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The major part of the model studies consiated of tests to determine
the most suitable st1lling-pool for the combined spillway and ocutlet
flows or any combination thereof. This part of the study involved
testing seven different pool profiles in combination with different valve
spacings, several typee of pier walls, different types of apron teeth
and pcol sills, and various pobl wall slopes from vertical to 1l:1. The
L1 st411ing-pool combinatione studies are listed in Table I at the back
of the report. Design No. U, Figure 3, was chosen as ths recommended
deglgn after all other design factore were considered. It consisted of
vertical stilling-pool walls, Type D sill (Figure 3}, Type C apron
teeth (Figure 3), and Type VI pier walls (Figure %) on 20-foot centers.
In general, the recommended design, as determined from the model, is
the same as that shown on Figure 2, except that the equation of the apron

profile below the outlet valve was changed from -Y =_§i te -Y = 2 .
900 1253
This was done to make the apron profile conform to data obtalned from

later tests with the hollow-jet valves.
THE MODELS

Model on 1:u4f Scale

Two models were used in the study, one a composite structure of
both the spillway and outlet works on & 1:U48 scale, and the other a
model of the outlet works only on a 1:24 scele. The details of the 1:48
scnle model are shown on Figure 5. The headbox was constructed of rough
lumber and lined with lightweight sheet metal to prevent leakage of
weater. The box contained an intake pipe and a rock baffle to still the
flow before it entered the model intake. The reservoir contours, in the
vicinity of the spillway, vere placed in the hoadbox, and the intake,

constructed of -concrete and sheet metal, was also instailod in the box.

The gate section and crest were made of redwood. The spillway chute con-
sisted of a frame supporting a plywood floor and redwosd sidewalls. The
traeneition from the vertical walls at the gate section to the sloping

walls of the chute was effected by a warp consisting of a mixture of




concrete and plaster of iaris. The st4lling-pool, apron teeth, and den-
tates were algo conatructed of redwood. A tailboxz, constructed similar
to the headbox, was placed at the downstreaw end of the model and con-
tained the stilling-basin for the spillway and outlet works and a
representative part of the river in the immediate vicinity.

The flood-control outlets consisted cof five brass valves made to
simulate the flow from e hollow-jet valve. These valves, 1.5 inches in
diameter. were connected by rubber tubing to a 12-inch diameter manifold
which, in turn, was comnected by a H-inch lire to the headbox. This
arrangement did not give a representative pattern of flow from the valves
except when all were operating fully open. Even then the representation
vas not exact because of peculisrities in the prototype which would cause
the latter valves to discharge unequal amounts of water when all verek
operating fully open. The model arrangement was more conducive to
producing equal flow through each valve,  As the writer 4id not conduct

these teats, it ie not known whether thin-tgct was overlooked,'or ir 1¢

vas assumed that the model would be sufficiently accurate without cortﬁction

for unequal discharge.

The reservoir elevation in the headdox was measured with a hookgage
mounted in a stilling-well. A water colurm connected to & plezonster

opening in the tailbox was used to measure tailweter elevations.

Kodel on 1:24 Peale

Subsequent to the tests on the 1:48 medel, e 1:24 model of the outlet
works and stilling-pool, ss reoommaﬁdgd from thp'l:hs model, was con-
structed for the purpose of checking the results from the 1:48 model.

In this model, five 3-4inch adjustadle hollow-jet valveas were used for ~

regulating the outlet flow. These valves were geometrically similar to

the 72-inch prototype hollow-jet valve descrided in Hydraulic Laboratory
Report Fo. 1us,




THE SPILINAY

Intake Studies

The original intake, as shown on Pigure ©, was satisfactory from a
hydraulic standpoint. There were small ripples present om the north side
of the intake section near the upstream end of the concrete lininz. These
seemed to have little effect on the flow. They probably were caused by

surface tension in the model and were not the result of a deficiency in

design.

At this point in the testing program, the spillway length was increased
for structural reasons, = procedu;e which regulted in an unfavorable loca-
tion of the original intake dssign. Accordinzly, the design was revised
as shown on Figure 7A, and found to be satisfactory. The ripoles wers
8till present on the north side of the intaks, as vas s slight drawdown
in water surface due to a higher acceleration of flow in the narrower
section. An attempt was made to rectify the drawdown by flattening the
sideslopes, thus increasing the approach area and decreasing the velocity
of aprroach. ©Some improvement was obtained in that the magnitude of the
ripoles and drawdown was decreased.

With the length of the spillway increased, it wes nov possible to
raise the spillway crest 2 feet and obtain the same discharge. It was
anticipated that raising the erest vould,#mprove the flow in the arproach
channel, since the slope on the north side could be flattened stillvmore
to provide additional spproach area. This vas verified in the model;
however, the size of the ripples and drawdown was decreased only a slight
amount.

Although Design I was considered catiofactozy. it later appeared
that by revieing the inlet still mors, it might be possible to remove the
reverse curve in the romdway at the crest of the dam. Two designs, shown
on Flgures 7B and C, were tested with this in view, but both showed
excessive drawdown catsed by restricting the area of the approach chaanel.




It was concluded that this drawdown would be present unlesz the right side
of the channel extended to au point where the bottom of the channel was
below elevetion b169.0. At this vpoint, the natural ground surface slopes
downward which wruld provide a better channel avoroach. Actually, the
drawdown in water surface under these conditions still would be present
but it would oecur more gradually due to a more gradual acceleration of
flow, There would be no reanl g=in in head, but only an improvement in the
appearance of the water surface,

This tvne of inlet would h=ve Aetracted from the avnnearance of the
structure 28 well as adding to the cost. In view of the fact that it did
net add to the hvdrnulic properties of the structure, the design was

abandoned in favor of thet shown in Figure 2 which was finally recommended.

Chute Studies

Thie ©art of the study consisted of adjusting the transition from the
gnte section to the chute walls, and adjusting the chute walls until s

gatisfrctory distridution of flow was obtained. This wes accomplished by

usineg rubber mats to form the chute sidewalls and adjusting the location
nf the mats urtil the best distribution of flow was obtained in the chute
for the most adverse. flow conditions. This conditlion was usually obtained

with flow from one g~te only. After the locaticn of the walls was deter-

mined, the rubber mate were replaced with redwood wells. Water surface
cross-sections were then taken to show the distribution of flow in the
chute, =#nd nre shown on Figure B. This figure alsa shows a cdmparison of
the distribution of flow »t the end of the chute, Station 17{55.91 with

roth g=tes dischereing 10,000 and 20,000 second-feet, and one grte dis-

charging 10,000 second-feet. These cross-sections indicate good distribution
of flow in ail csses. The cross-sections indicste that the wall arrangement,

shown on Figure 2, will give satisfactory distribution under the most

adverse operating conditions.




STILLING-FCOL STULIES

Original Design

The desizr, shown on Figure 6, is consldered the oriéinal design since

it was the firast to be tested in the model. Actually, the original desigm

- had a different spillway entr=ance, a shorter crest, and the outlet valves

were spaced at 1F-foot centers. During the construction of the model,

s changes were made in the prototvpe design, so the model was changed to

corform to the lelest design before testing began.

The model as first tested, Figure 6, included the chute extension . 7/
indicated on the drawing, outlet valves spaced at 20-fooct centers, and
1/%:1 sloping pool walls. A Type A 8ill, Figure 3, was pleced at the down-
stream end of the atillinsm-pool. Visual observ~tions of the flow in the
pool showed an unstable jump when the valves were discharging alone. This
is evident from Figure 9A which shows the valives dischareging 2t the maximum
cavacity of 10,000 second-feet. In thls instance the flow from the paol

wag cnncentrated on one side with a vortex on tne other. With flow over

the epillway only, this condition of unsymmetry was not present, and neither
was it aprarent for the combined spillway and valve discharze. However,
at the maximum cnmdined valve and spillway discharge of 30,000 second-feet,
the pool surfnace was very rough, vith waves of considerable magnitude forming
in the pool.

The scour caused by a flow of 20,000 second-fest wae not excessive,
but as shown on Figure 9B, indicates that the flow from the pool was not
symmetrical even though this was not apparent from surface conditions. The
vhotograph shows scour on the right eide and a deposition of material on

the left side looking downstream. This definitely indicates that a higher

. veloclity existed on the right side of the ponl than on the left.

~

The unbalanced flow in the pool for both conditions of operation can
. be attributed to the sloping sidewalls of the stilling-pool. This con-

dition was rectified in the model by replacling the cloping pool walls with



vertical walls as shown in Figure 10A. The vertical walls balanced the
flow in tre pool and produced s symmetrical scour pattern (Figure 10)
for the same conditions of flow illustrated in Figure 9. The deposition

of meterial at the center and immediately downstream of the pool, and the

adjacent scour is the resulg of a combination of excessive poonl exit

velocities and the action produced by the s8ill. The sill tended to 1ift

the flow from the bottom causing a low-pressure region immediately downstream,
which would be devold of water if there were no inflow to the rezion from

the sides. This inflow, in combination with the vortices set up at the

side by the hirsh-exit velocitiesa, had sufficient velocity to cause the

scour. Deposition occurred when the two opnosinsg sideflows met and turned
downstream. In gzeneral, scour of this tvpe is difficult if not impossible

to elimin=ate entirely as long as a vool sill is used.

As the sbove results were not entirely satisfactory, the design was
revised se shown in Figure 3 (revised Design No. 1) and tested with various
leraths of pler walls, for no discharge over the spillway, and with both
vertical and sloping pool walls in the combin=tions showvn in Table 1,
Design No. 1. The best rrsults were obtained with Ty~e I rier walls,
(Pisure ), vertical vool walls, and the velves mounted level at 20-foot
centers. The pler walls svaced between the valves =tabilized the vool
when less than five valves vere orerating. In the absence of the piers,
lese than five valves operatinz vroduced unsymmetrical flow with larse
vortices forming in the nool, resulting in poor enerzy dissipation. The
longer the oiers the greater was the stabilizing effect as the loncer viers
evtended conmpletely through tne hydraulic jump. One group of tests in
this design consisted of tilting the valves downward st an angle of two
Aegrees and onerating the valves with Tv-es I, II, and III pier walls
(Pizure 4) in vlace. The tiltinr of the valves d1d not effect the energy

Alasipation, but tended tn decrease the necessary length of the apron.




Design No. 1

-

Stillin--pool Design No. 1 wns not tested with flow over the spillway.
The tests on this design were confined entirely to studies of the valve
flow and the dissivation of the jet energy. The only conclusion drawn from
this part of the study was that piers would be necessary between the valves
for unsymmetrical operation, and that they should be extended into the pool

as far as possible.

Desizn Na. ?

The stillins-pool profile shown on Figure 2 as Design No. 2, was

feveloved to reduce the pool-exit velocity and thus reduce the scour down-

atream. The design was essentially the same as Y¥o. 1, excent that it

enbodied a sharv bresk in tne parabolic apron immedistely upstresm of the

rool floor. It was thought that this might increase the efficiency of the
enerry dissimation but the tests did not confirm this. Tre step actually
introduced a potential source of cavitetion which more than offset any

advanteges that mizht be obtained from increased enersy dissivation. As

this design was not satisfactory, the model was reviwed 2s shown on Figure

3, Desipgn No. 3.

Design ¥o. %,

Nesign No. ? coneisted of a lonz arron with a relatively short hori~

zontal »enl floor made intentionally tn utilirze the vrinciole of obtaining

a hyiraulic jumc on a sloping avron, even tho gh the river depths were not

compatible with the jump helghts. The performance of this design was sas

anticipated. The jump formed on the agron 2t all dischargzes with either

the valves or tne spillwav discharginz. At the cnmbined discharce of

20,000 second-fret, the pool was excepticnally rough an? the'velocity of

the flow 25 it left the pool was abnormally high. As this was the case in

- all the previous designs tested, 1t became =vparent that it would be necessar~

t» lower the neonl floor to obtain the desired energy dissiprntion and velocity

in the stilling-nool.




Neaizn No, b

In Design No. ¥ (Figura 1) the sool floor was lowered to elevation
JRT0.ND0, the walls were vertical, and Type IV piers (Fizure 4) were used
between the valves. A vhotogravh of this arrangement is shown on Figure 1llA.

This desigsn showed an improvement in the flow in the stilling-pool |
and less scour in the channel immediately downstream. With only the valves
discharsging, the jumr formed in the vpstream part of the ronl, Figure 1138,
and the water surface was not as rouagh zs in the vrevious designs. At the
conbined discharge of 20,000 second-feet, Figure 17A, the velocity of the

vater leavine the »ool was reduced over previous desizns, and the tendency

to form side eddi-s in the river channel was nenrly eliminated.

Befnre an entirely satisfactory solution to Design No. L was obtagned,
8. considerable number of variations, shown on Table 1, were studied in the
mn*el. These consisted of varyving the slope of the pool walls from vertical
to 1:1, installins zoron teeth, and chanszing the pool sill. It was shown
conclueively in this series that as far ss the Anderson Ranch Dam Design
vae concerned, the vertical walls produced the most satisfactory verform
ance. The tesats were conducted bv starting with vertical walls and obsefving
the flow in the pool for a prrticular discharge, then regezting the procedure
for wall slopes of 1/8:1, 1fb:1, 3/8:1, 1/2:1, and 1:1.  Ir each case the
flow in the vool became less stable with each decrease in slope uniil. at
the 1:1 value, severe eddies formed at each side of tne vool and the mein

Tiow {n tne center was exitremely unstable.

U~ to tnis noint, the Type IV niera were used on the stilling-oool
arron. A better =7 sarins and more econonical structure could be nbtained
withaut urzetting the hvdraulic characteristics of the structure, by
alterins the shene of the downstream ends of the slers. With this in view,
five additionsl teste, shown on Table 1, were verformed with Types V, VI,
VII, VIII, snd IX niers, Figure U, From these tests, the Type VI pler was

considered the most suitable and was recommended for the final design.




Nesirns Nos, 5, 6, =nd 7

Althouzh stilling-zool Desigzn No. U was tentatively selected as the

recommended desizn, three other variatisns, described as Designs Nos. 5,

B, and 7 on Fipure I, were tested %0 determine if the design could be

-’

- imzroved. The first of these tested, Desizn Ne. 5, embodied a reverse

curve at the toe of the stilling-co00l apron to help diffuse the apron jet

. and prodvns better enersy dissination. As fnr as could be determined from

visual observotinns, there wes 1ittle, if any, improvement over Design

Yo. U, The addition of apron teeth indicated some improvement. Hovever,

*his desian was besically unsound in that the reverse curve on the apron

vag a potential snurce of cavitation and pittinz which might have caused

Aamare to the nrototvne structure. TFor this reason the design wes not

riven gerinus consideration.

NDesign ¥n. 6 wes similar to Desizn No. b, excert thai ¢he slope

connecting the marabols to the nool floor was changed frem 5:1 to b:1,

This cherezed the snread of the volve jets and increased the lenztn of the

ro~1 floor without increasing the overall lensth of the structure. The

chavee 41d nat imorove the verfnrmarce of the ool over that obtained fronm

NDesizn No. U. As lengthenins tne coni floor increased the cost of the

structure, and ns there was no imprnvement in verformance, the design was

not given further coansideration.

Desirn No. 7 was alsn similar to Design No. Y, except that the nool

floor was raised from elevation 37720 to 2€%5 as shown on Figure % angd

Torble 1. This wves an at-empt to decrease the helght of the stilling-:zo0l

walls and matntain the hydrasulic performance of Desigw No. U, The last

was n~t asuccessful as tne pool "swept out” =2t much lower tailwater elevn-

. tinns than in the orevious tests. Figure 17 shows the "sweep out” curves

for Desien No. 7 end Design N¥o. U with and without aprron teeth.

Hec~mmenied Degisn

The final desizn as determined from tne model is shown on Fipgure 2,

excevpt that the ecuntion of t-e darabols on the pool avron was changed




“rom =Y = %% to -Y =_§E: This change was the result of later tests on
800 . 1p83
tne Friant-Zern Canal outlete where the model tests with hollow-jet valves

indicnted that a different anron profile was desirable.

Piprometric prescures and water surface profiles vere taken for the
finnl desiesn, Figure 1lU. These show positive pressures on the apron teeth,
»g5 well as throushout the remainder of the structure, for maximum disch-.rge
throush the valves and over the srillway, excent where othrorwise noted.

Two sets of pressurss are shown on the curves: one for normenl tailwater,

and one for the tallwater elevation 5 fret lower than normel. In general,

the lovering of the tailwater reduced the vressures as was to be expected.
Alsn included on Figure 1! are water surface profiles for Nesizns Nos. &
and 5 with vertical nool walls. A vhotograph of the recommended design
with both sctillway and outlet valves operating at maximum capacity is shown
on Figure 12A.

£ scour olcture of the finsl design, shown on Figure 12B, reprssents
the scour obtained in the mndel with maximum flow for two hours corresponding

to 1k hours, prototyne.

OUTLET WORKS

Kecommended Operation

In anv stilling-oool where a hydraulic jump is formed, the flow entering
the ©onol must be soread uniformly acreoss the entrance to obtain satis-
Tactory resulis. With the outlet valves discherging into the pool, the
test results were obtained when all five valves were discharging the same
amount of water. Under certain circumstances it will not always be possible
ta obtain svmmetrical opereiion, especially if one or more valves are belng
renpaired during the overnting seanson, or if the required discharge is so
low that it is not practical to cven all five valves. The intermediate

piera between the valves are an aif in stabilizing the pool for unsymmetrical




valve overation. However, the following orecautions, as determined from

the 1:2U model, which was constructed for this purpose, should be taken:
First, the discharge from any one valve should not exceed 1,500 second-feet
unless all five are overating, then it can be allowed to avoroach 2,000
gecond-faet from each velve. This nrecaution is necessary because of the
manifold arrangemant bv which the valves are connected to the ?enstock. Ir -
all five valves are overated fully open, thev will discharge avproximately
2,000 second-feet ver valve with an effective head of 15% feet immediately
upstreem from the valves. When one valve is completely closed and the
remaining four set fully open, the discharge ver wvalve will incresse to
2,215 pecond-feet and the effective head will be 195 feet. AB the crocess
of cloring down one valve at a time is continuved, the dischargse per valve
remaining fully nven is as follows: Three valves 2,427 second-feet esch,
two valves ?.650 second-feet each, and one valve 2,805 second-feet, assuming
8 full reservoir under all conditions. The stilling-vpool is not ~dequate
£or the hicher single valve discharges, and for this reagon, it will be

necessary to limit the discharge zer valve to 1,500 second-feat until all five

valves are overating, at which time all of the valves can be overated fully open.

Limiting the discherge per valve to 1,500 second-feet, until all of
the valves are discharging restricts tne energy of the jets to 2 value
comcrtible with the capaclity of the stilling-pool.

Wnen it is neceasary to cperate less than five valves, the following

combinations are recommended:

One valve--Uenter valve
Two valves--Valves ndjacent to center valves
Three valves--Center valve and outside valves

Four valves--All but center velve




CONCLUSIONS

A. Vertical stilling-pool walls are more satisfectory than

aloping walls.
b. Intermedinte niers between the valves are necessary for
unbalanced valve operation.

c. Anron teeth increase the energy disgipetion in a

stilling-orol; however,with the high head at Anderson Ranch Dam, they

may be subject to cavitmtional erosion.
d. It will be necessary to limit the discharge per valve to
1,500 second-fret when less than five valves are overating to vrrevent

ernsion downetream from the pocl.
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